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PROBLEM TO BE SOLVED: To provide a magnetic memory 
medium which is capable of recording information with a high 
recording density and reproducing the information with high 
signal quality (a high S/Nn) and has a good overwriting 
characteristic while achieving the longer life of the recorded 
information. 

SOLUTION: This magnetic memory medium has a recording 
layer 3 on a nonmagnetic substrate 1. The recording layer 3 
consists of a nonmagnetic matrix 3.2 and a plural crystal grains 
3.1 which are dispersed in the nonmagnetic matrix 3.2 and 
penetrate the recording layer 3 in a columnar state exhibiting 
ferromagnetism. These crystal grains 3.1 are <30 nm in the 
average height thereof and <15 nm in the average grain size in 
the intra-surface direction of the layer. The (Kn.V)/(ks.T) 
thereof is >60 and the average anisotropic magnetic field Hk 
thereof is <10 kOe. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] In the magnetic storage medium which has the recording layer the easy axis of two or more of these 
crystal grain objects comes to carry out orientation to a nonmagnetic substrate in parallel with a layer while 
coming to distribute two or more crystal grain objects which consist of a ferromagnetic ingredient in a 
nonmagnetic ingredient It is the grain of the shape of a column the height of whose is 30nm or less, 
respectively while piercing through the field of this recording layer of two or more crystal grain objects 
distributed by said recording layer, and the average of the particle size of the field inboard of this recording 
layer of two or more of these crystal grain objects is 15nm or less. Furthermore, Boltzmann's constant kB 
(unit : (Ku-V)/(kB-T) which is the ratio of the product of erg/K), the average Ku (unit: erg/cm3) of the 
anisotropy energy of two or more of these crystal grain objects over the product of temperature T (unit: K), 
and the average V of the volume of two or more of these crystal grain objects (unit: cm3) is 60 or more. And 
the magnetic storage medium characterized by the average Hk of the anisotropy field of each of two or more of 
these crystal grain objects being 10 or less kOes. 

[Claim 2] The magnetic storage medium according to claim 1 characterized by the easy axis of two or more 
crystal grain objects of each, included in said recording layer, coming to carry out orientation to the 
circumferencial direction of the substrate of the shape of this disk while said substrate is a disk-like substrate. 
[Claim 3] The magnetic storage medium according to claim 1 characterized by the crystal grain object in said 
recording layer consisting of an alloy containing Co and Pt. 

[Claim 4] The magnetic storage medium according to claim 1 characterized by the nonmagnetic ingredient in 
said recording layer consisting of oxide ceramics. 

[Claim 5] The magnetic storage medium according to claim 1 characterized by having the substrate layer which 
consists of a nonmagnetic ingredient between said substrates and said recording layers. 

[Claim 6] The magnetic storage medium according to claim 5 characterized by said substrate layer consisting of 
an alloy containing Cr. 

[Claim 7] The magnetic storage medium according to claim 5 characterized by having the interlayer who 
consists of a different nonmagnetic ingredient from the ingredient which adjoins the both sides of these 
substrates layer and a recording layer, and constitutes this substrate layer between said substrate layers and 
said recording layers. 

[Claim 8] The magnetic storage medium according to claim 7 characterized by for the crystal grain object in 
said recording layer consisting of an alloy containing Co and Pt, and said interlayer consisting of an alloy 
containing Co and Cr further while said substrate layer consists of an alloy containing Cr. 
[Claim 9] The magnetic storage medium according to claim 5 characterized by having the seed layer which 
consists of a different ingredient from the ingredient which adjoins the both sides of these substrates and a 
substrate layer, and constitutes this substrate layer between said substrates and said substrate layers. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the suitable magnetic storage medium for the magnetic disk 

drive for performing informational record playback. 

[0002] 

[Description of the Prior Art] With the increment in the recording information treated with an information 
processor, while the magnetic storage used as external storage of this information processor is compact, what 
has still bigger storage capacity is demanded. Therefore, the magnetic storage medium which can be recorded 
with high recording density is needed for magnetic storage. However, it is known for the conventional magnetic 
storage medium that S/Nm to the regenerative signal of the recorded magnetic information will fall (the medium 
noise Nm should increase to the output S of a regenerative signal), so that magnetic information is recorded 
with high recording density. 

[0003] Generally, a magnetic storage medium has the recording layer on which magnetic information is 
recorded, and 1-bit magnetic information is shown by the direction of all magnetization which consists of a set 
of each magnetization of the crystal grain child who shows two or more ferromagnetism which exists in the 1- 
bit eel of the recording layer. You may think that the magnetization in this 1-bit eel gathers in the about 1 
direction where magnetic information is recorded. However, when magnetization of the next 1-bit eel has 
gathered in the direction contrary to this direction, near the boundary of those adjacent 1-bit eels, it has a 
certain width of face, and the field (magnetization transition region) where the magnetization which turns to 
hard flow mutually mingles with zigzag is generated. One of the causes which the medium noise mentioned 
above generates is in dispersion in magnetization in this magnetization transition region. 

[0004] Dispersion in this magnetization originating in the magnetic interaction between the crystal grain children 
who show ferromagnetism, and being generated is known, this invention person etc. proposed the granular 
magnetic storage medium as a medium which this magnetic interaction was able to weaken (Japanese Patent 
Application No. No. 160437 [ 07 to ]). Two or more ferromagnetic crystal grain children who consist of an alloy 
of alloy [ of Fe or Fe system ], Co, or Co system distribute in the nonmagnetic matter [ **** / these alloys / 
un-], and this granular magnetic storage medium has the recording layer which comes to be isolated mutually. 
Thus, when two or more of these crystal grain children are isolated mutually, the medium noise which the 
magnetic interaction between those ferromagnetic crystal grain children is divided nearly completely, 
consequently originates in dispersion in magnetization in this magnetization transition region is reduced. 
[0005] Moreover, a medium noise is generated also by dispersion in a crystal grain child's grain size. It is 
thought that a playback output is proportional to total of the volume of the crystal grain child in a 1-bit cel. 
Therefore, if the average grain size in a 1-bit eel becomes large, dispersion in the grain size will also become 
large, dispersion in a playback output will become large as a result, and a medium noise will also increase. 
Therefore, it is thought that the medium noise Nm of this magnetic storage medium is reduced further, and its 
S/Nm improves by being adjusted so that a crystal grain child's grain size may become smaller in the recording 
layer of a magnetic storage medium. 
[0006] 

[Problem(s) to be Solved by the Invention] However, as the magnetization recorded on the ferromagnetic 
crystal grain child who the magnetic interaction was divided and is isolated magnetically has a small grain size, 
anisotropy energy Ku-V (volume of an anisotropy energy x particle) which stabilizes the magnetization in the 
predetermined direction becomes smaller. If this anisotropy energy Ku-V becomes small, the heat fluctuation 
phenomenon in which the direction of magnetization swings under the effect of heat will arise, therefore — 
when grain size turns into below predetermined size, even if it is a room temperature — magnetization of each 
particle — a heat fluctuation phenomenon — being generated — a ferromagnetic crystal grain child's 
magnetization — the total — quiet — ** — there is a problem that the record magnetization in a 1-bit eel will 
disappear. 

[0007] In order to limit anisotropy energy Ku-V to a large value, decreasing the crystal grain child's volume V, it 
is possible to adopt the big thing of anisotropy energy Ku as a crystal grain child's ingredient. However, in the 
recording head currently used for the general present, a strong field which reverses magnetization of a crystal 
grain child with the anisotropy energy Ku big such cannot be generated. Therefore, there is a problem 
expressed by the ratio of the magnitude of the playback output of the newly recorded magnetic information to 
the playback output of the magnetic information which remains in addition at the time of re-record of magnetic 
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information that the over-writing property (O/W) of a magnetic storage medium gets worse. 

[0008] While it is possible for this invention to record information with high recording density in view of the 

above-mentioned situation, and to reproduce the information by the high signal quality (high S/Nm), though 

reinforcement of the information currently recorded is attained, an over-writing property aims at offering a 

good magnetic storage medium. 

[0009] 

[Means for Solving the Hrobiem] The magnetic storage medium of this invention which attains the above- 
mentioned purpose (1) It has the recording layer the easy axis of two or more of the crystal grain objects 
comes to carry out orientation in parallel with a layer while coming to distribute two or more crystal grain 
objects which consist of a ferromagnetic ingredient into an ingredient substrate (2) nonmagnetic 
[ nonmagnetic ]. It is the grain of the shape of a column the height of whose is 30nm or less, respectively while 
piercing through the field of the recording layer of two or more crystal grain objects distributed by the 
recording layer, and the average of the particle size of the field inboard of the recording layer of two or more of 
the crystal grain objects is 15nm or less. Furthermore, further Boltzmann's constant kB (unit : (Ku-V)AkB-T) 
which is the ratio of the product of erg/K), the average Ku (unit: erg/cm3) of the anisotropy energy of two or 
more of the crystal grain objects over the product of temperature T (unit: K), and the average V of the volume 
of two or more of the crystal grain objects (unit: cm3) is 60 or more. And it is characterized by the average Hk 
of the anisotropy field of each of two or more of the crystal grain objects being 10 or less kOes. 
[0010] A magnetic storage medium which has the recording density exceeding 2 10 Gbit/inch as a next- 
generation magnetic storage medium is desired. The magnitude of the 1-bit eel of the magnetic storage medium 
which has the recording density of 2 10 Gbit(s)/inch is about 100nmx600nm. 

[0011] The magnetic storage medium of this invention has the next property, when it has the 1-bit eel of such 
magnitude. In addition, for details, an operation gestalt explains. First, this magnetic storage medium shows 
25dB or more high S/Nm which can reproduce that magnetic information memorized with high accuracy by the 
average of the particle size of two or more crystal grain objects of a recording layer being held down by 15nm 
or less. Moreover, this magnetic storage medium is pressed down below at magnitude predetermined in the 
width of face of a magnetization transition region, when two or more crystal grain objects of a recording layer 
have such a particle size and record layer thickness is stopped by 30nm or less, and the resolution which is an 
index showing effectively recordable recording density is raised. Furthermore, the long life as which the 
magnetic information with which the heat fluctuation of magnetization of two or more crystal grain objects of 
each of a recording layer is suppressed by above-mentioned (Ku-V)/(kB-T) being made or more into 60, and 
this magnetic storage medium is remembered to be by the recording layer is requested practically is 
guaranteed. Moreover, this magnetic storage medium shows good O/W, when the average Hk of the anisotropy 
field of two or more crystal grain objects of a recording layer is held down by 10 or less kOes. 
[001 2] What is necessary is just to decrease Hk further to make it the value which this O/W is raised further 
and is sufficient for practical use. However, generally the average Ku of the anisotropy energy of two or more 
of the crystal grain objects also decreases with reduction of the average Hk of the anisotropy field of two or 
more crystal grain objects. Therefore, when Hk is decreased too much, and Ku decreases, it will turn around 
limiting value called 60 which the value of above-mentioned (Ku-V)/(kB-T) mentioned above the bottom. 
However, by the magnetic storage medium of this invention, two or more crystal grain objects of each of a 
recording layer are the grain of the shape of a column which pierces through the recording layer. Therefore, 
those crystal grain objects are making the average V of the volume increase by gaining the volume in the height 
direction compared with the case where the spherical crystal grain child is embedded in the recording layer. 
Though the value of above-mentioned (Ku-V)AkB-T) is maintained, Ku can also be decreased further, as a 
result the increment in the average V of the volume also decreases Hk. 

[0013] Moreover, even if it is the same Hk, this magnetic storage medium carries out orientation of the 
magnetization of those crystal grain objects with the priority to the field inboard of a recording layer, in order 
that each crystal grain object of a recording layer may pierce through a recording layer. Thus, since the 
magnetization which is carrying out orientation tends to be reversed by the field of a head in the case of the 
re-writing of magnetic information, O/W of a magnetic storage medium improves further. 

[0014] Thus, while the magnetic storage medium of this invention has high resolution, high S/Nm is shown, and 
while memorizing the magnetic information which has the die length of a life required further practically, O/W 
with high practical use level is shown. 

[0015] As for the above-mentioned magnetic storage medium, it is desirable that the easy axis of two or more 
crystal grain objects of each, included in a recording layer, comes to carry out orientation to the 
circumferencial direction of the substrate of the shape of the disk while a substrate is a disk-like substrate. 
[0016] Generally, the magnetic storage medium of high recording density is formed in the disk-like substrate, 
and the direction of the field of the head which records or reproduces magnetic information to the magnetic 
storage medium turns to the circumferencial direction of the substrate of the shape of the disk. If the easy axis 
of two or more crystal grain objects of each, included in a recording layer, carries out orientation to the 
circumferencial direction, the O/W of a magnetic storage medium will improve. Moreover, since the holding 
power He of that circumferencial direction increases and, as for a magnetic storage medium, the width of face 
of a magnetization transition region narrows by this orientation, that resolution is raised. 
[001 7] Moreover, as for the above-mentioned magnetic storage medium, it is desirable that the crystal grain 
object in a recording layer consists of an alloy containing Co and Pt. 
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[0018] Co is a ferromagnetic ingredient which has a uniaxial-crystal magnetic anisotropy while having the 
hexagonal crystal structure, and since it is easy to carry out orientation of the magnetization, it is suitable as 
an ingredient of a recording layer. Moreover, that holding power He is heightened and that resolution of the 
magnetic storage medium which has the crystal grain object set to this Co from the alloy which contains these 
elements by adding Pt improves. 

[0019] Moreover, as for the above-mentioned magnetic storage medium, it is desirable that the nonmagnetic 
ingredient in a recording layer consists of oxide ceramics. 

[0020] Since a metal and oxide ceramics do not dissolve, its separation of crystal grain objects which consists 
of a ferromagnetic ingredient in a recording layer by this magnetic storage medium is good. For this reason, that 
medium noise Nm is reduced and this magnetic storage medium shows high S/Nm. 

[0021] Moreover, as for the above-mentioned magnetic storage medium, it is desirable to have the substrate 
layer which consists of a nonmagnetic ingredient between (3) substrates and a recording layer. 
[0022] The orientation of magnetization of two or more of those crystal grain objects increases because the 
magnetic storage medium which has this substrate layer carries out heteroepitaxial growth of two or more 
crystal grain objects of a recording layer on this substrate layer, respectively. 

[0023] It is desirable that the substrate layer consists of an alloy containing Cr by the magnetic storage 
medium which has the above-mentioned substrate layer. 

[0024] The spacing of the field (110) of the alloy containing Cr which is the ingredient of a substrate layer is 
mostly in agreement with the spacing of the field (002) of the alloy containing Co and Pt which are the 
ingredient of the crystal grain object of a recording layer. Therefore, when two or more of those crystal grain 
objects carry out heteroepitaxial growth on the substrate layer, magnetization of these crystal grain objects 
carries out orientation with the priority to the field inboard of a recording layer. 

[0025] the magnetic storage medium which has the substrate layer of the above (3) — (4) — it is desirable to 
have the interlayer who consists of a different nonmagnetic ingredient from the ingredient which adjoins the 
both sides of these substrates layer and a recording layer, and constitutes the substrate layer between the 
substrate layer and recording layer. 

[0026] This interlayer is a layer which mediates a substrate layer and a recording layer, and when mediated by 

this interlayer, dispersion in the particle size of two or more crystal grain objects included in a recording layer 

decreases. Therefore, the magnetic storage medium which has this interlayer shows high S/Nm. 

[0027] As for the magnetic storage medium which has the above-mentioned interlayer, it is desirable that the 

crystal grain object in the recording layer consists of an alloy containing Co and Pt, and the interlayer consists 

of an alloy containing Co and Cr further while the substrate layer consists of an alloy containing Cr. 

[0028] Since the alloy containing such Co and Cr is the in-between ingredient of the alloy containing Co and Pt 

of a recording layer, and the alloy containing Cr of a substrate layer, it is suitable as an ingredient of the 

interlayer who mediates the recording layer and its substrate layer. Moreover, heteroepitaxial growth of two or 

more crystal grain objects of a recording layer is carried out good on this interlayer. 

[0029] As for the magnetic storage medium which has the substrate layer of the above (3), it is desirable to 
have the seed layer which consists of a different ingredient from the ingredient which adjoins the both sides of 
these substrates and a substrate layer, and constitutes the substrate layer between (5) substrate and its 
substrate layer. 

[0030] The front face of a substrate is coarse and the field of the substrate layer is graduated by pinching a 
seed layer between a substrate and a substrate layer. The orientation of magnetization of the crystal grain 
object of a recording layer improves by smoothing of this substrate layer. 
[0031] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained. 
[0032] Before explaining the configuration of the magnetic storage medium of the operation gestalt of this 
invention, the conditions on four configurations required for the ferromagnetic crystal grain object included in 
the recording layer of the magnetic storage medium which has the high recording density exceeding 2 10 
Gbit/inch desired as a next-generation magnetic storage medium are explained. 

[0033] First, it is requested that this magnetic storage medium should have 25dB or more S/Nm which can 
reproduce that magnetic information memorized with high accuracy. On the occasion of practical use, S/Nm of 
this level is considered to be required at least. In order to evaluate S/Nm to the particle size D of the 
ferromagnetic crystal grain object in the recording layer of this magnetic storage medium (a unit is nm) 
Following reference "H. Neal Bertram and Hong Zhou andRoy Gustafson:"Signal to Noise RatioScaling and 
Density Limit Estimatesin Longitudinal Magnetic Recording", IEEE The formula of Trans. Magn., Vol.34, p1845, 
and S/Nm given to June1998." is used. 
[0034] 
[Equation 1] 

C/A _ 0317B 2 W 
S fN m °* — 

[0035] Here, they are a multiplier gamma= 2 and a multiplier alpha= 2. In addition, by this formula, it is assumed 
that two or more crystal grain objects of each hardly exert a magnetic interaction on each other mutually. The 
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bit length (die length of 1-bit eel) B of the magnetic storage medium which has the recording density of 2 10 
Gbit(s)/inch is about 100nm, and the width-of-recording-track (width of face of 1-bit eel) W is about 600nm. 
S/Nm to the particle size D of a crystal grain object in the magnetic storage medium which has the 1-bit eel of 
such magnitude is shown in drawing 1 . 

[0036] Drawing 1 is a graph which shows S/Nm to the particle size D of a crystal grain object at the time of 
using as a model the magnetic storage medium which has the recording density of 2 10 Gbit/inch. 
[0037] An axis of abscissa expresses the particle size D of a crystal grain object (nml and an axis of ordinate 
expresses S/Nm (dB). The continuous line in a graph expresses S/Nm (dB) which the magnetic storage medium 
which has the recording layer which particle size becomes from two or more crystal grain objects which are D 
(nm) shows. S/Nm decreases in monotone from about 60dB to 15dB as the continuous line shows and particle 
size D increases from about 1nm to 30nm. In order to obtain 25dB or more S/Nm mentioned above, it is 
requested from this graph that particle size D should be 15nm or less. Moreover, if about 30dB S/Nm 
demanded by the present signal processing is obtained, in addition, it is good, and for that purpose, it is more 
desirable that particle size D is 10nm or less so that this graph may show. 

[0038] Moreover, the high level of resolution is also important for the magnetic storage medium which has the 
high recording density exceeding 2 10 Gbit/inch. The factor by the side of the medium which determines 
resolution is the magnitude of the width of face a of a magnetization transition region, and the dependency over 
the record layer thickness delta is expressed with several 2. 
[0039] 
[Equation 2] 




[0040] Here, the residual magnetization consistency Mr of a recording layer takes the magnetic spacing d 
showing the distance of 500 emu(s)/cc, a head, and a recording layer with 30nm, and takes holding power He 
with 2500Oe(s). Any value is set to the magnetic storage media which have the recording density of 2 10 Gbit 
(s)/inch. The magnitude of the width of face a of the magnetization transition region to record layer thickness 
delta in this case is shown in drawing 2 . 

[0041] Drawing 2 is a graph which shows the magnitude of the width of face a of the magnetization transition 
region to record layer thickness delta at the time of using as a model the magnetic storage medium which has 
the recording density of 2 10 Gbit/inch. 

[0042] An axis of abscissa expresses record layer thickness delta (nm), and an axis of ordinate expresses 
width-of-face [ of a magnetization transition region ] a (nm). The continuous line in a graph expresses width- 
of-face [ of the magnetization transition region which the magnetic storage medium which has the recording 
layer in case record layer thickness is delta (nm) shows ] a (nm). As the continuous line shows, it follows on 
thickness delta increasing from Onm to 40nm, and the width of face a of a magnetization transition region 
increases in monotone from Onm to 40nm. 

[0043] Generally, it is thought that this magnetization transition region width of face a can be narrowed to 
about 2 times of the diameter D of crystal grain by experiment etc., and the width of face a of the 
magnetization transition region of the recording layer of the magnetic storage medium which has the crystal 
grain object whose particle size D is 15nm is narrowed to 30nm. And in order to obtain high resolution, as for 
the magnetic storage medium by which the particle size D mentioned above has a crystal grain object 15nm or 
less, it is desirable that the width of face a of the magnetization transition region of the recording layer is 30nm 
at the maximum. Therefore, it is requested that that record layer thickness delta should be 30nm or less so 
that this graph may show. Since width of face a of a magnetization transition region 20nm or less is desired 
when based on the particle size D of 10nm mentioned above, if this record layer thickness delta is 15nm or less 
as this graph shows, in addition, it is good. 

[0044] Moreover, this magnetic storage medium is requested to have a life with the magnetic long information 
borne by magnetization of the crystal grain object in a recording layer, as [ mentioned / above ] — the life is so 
long that (Ku-V)AkB-T) is large. From this viewpoint, as for (Ku-V)/(kB-T), it is desirable that they are 60 or 
more values, and if it is this value, this magnetic storage medium is compensated by the technique of re-writing 
at predetermined time spacing, and can hold that magnetic information. It is carried by reference "Pu-Ling Lu 
and StanleyH.Charap."Thermal instability at 10Gbit/in2 magnetic recording".IEEE Trans.Magn., vol.30, no.6, 
Nov. 1994" about this. 

[0045] Moreover, it is important for this magnetic storage medium that good O/W is shown. The limitation of 
the write-in field of the magnetic head which writes in magnetic information is restricted by the saturation 
magnetization reinforcement Bs of a head ingredient. It is 2T (equivalent to 20kOe) extent with an ingredient 
with highest Bs, and it is thought possible to generate the write-in field of 10kOe extent with such an 
ingredient. Therefore, in order to show good O/W, as for this magnetic storage medium, it is desirable that the 
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average Hk of the anisotropy field of two or more crystal grain objects of that recording layer is held down by 
10 or less kOes. 

[0046] The operation gestalt of this invention with which the above four conditions are filled is explained. 
[0047] Drawing 3 is drawing showing the cross-section structure of the magnetic storage medium of the 1st 
operation gestalt of this invention. 

[0048] This magnetic storage medium is constituted by the substrate 1, the substrate layer 2, the recording 
iayer 3, and the protective layer 4. As for a substrate 1, NIP plating is performed to an aluminum disk substrate. 
A substrate 1 is adjoined, the substrate layer 2 with a thickness of 50nm is formed, and the recording layer 3 
with a thickness of 15nm is further formed in the upper part of the substrate layer 2. 

[0049] It comes to arrange two or more ferromagnetic crystal grain objects 3_1 with which a recording layer 3 
consists of an alloy of a presentation of Co80Pt15Cr5 (at%) in Si02 matrix 3_2. This crystal grain object 3_1 is 
the grain of the shape of a cylinder to which the average of that particle size is about 12nm, and pierces 
through this recording layer 3 whose average of that height is 15nm of the thickness of a recording layer 3 in 
the direction of thickness. In a recording layer 3, this crystal grain object 3_1 and Si02 matrix 3_2 occupy 50% 
of volume, respectively. In addition, oxide ceramics other than Si02 may be used as a non-magnetic material of 
a recording layer 3. Moreover, all presentations of an alloy are expressed with at% below. 

[0050] Co80Pt1 5Cr5 which constitutes the crystal grain object 3_1 is a hexagonal alloy in which ferromagnetism 
is shown, and the magnetization has a uniaxial-crystal magnetic anisotropy in the direction perpendicular to a 
field (001). 

[0051] Si02 matrix 3_2 which divides this crystal grain object 3_1 is a nonmagnetic oxide, and since a metal and 
oxide ceramics do not dissolve, it is good. [ of separation of crystal grain object 3_1 / in / with the magnetic 
storage medium which has this configuration / a recording layer ] 

[0052] The substrate layer 2 plays the role which mediates a recording layer 3 and a substrate 1. The substrate 
layer 2 is formed with the alloy which has the body-centered cubic structure of a presentation of Cr50Mo50 
(at%). Since the spacing of the field (110) of Cr is close to the spacing of the field (002) of the CoPt alloy of the 
crystal grain object 3_1 , it adjoins on the substrate layer 2 and the crystal grain object 3_1 carries out 
heteroepitaxial growth. Therefore, orientation of the magnetization of the crystal grain object 3J which adjoins 
the substrate layer 2 and is formed is carried out with the priority to the field inboard of a recording layer 3. In 
addition, as an ingredient of a substrate layer, it may be desirable to use Cr alloy and they may be Cr alloys 
other than Cr50Mo50. In addition, the alloy containing V, Mo, W, or nickel, an oxide, or a nitride may be used as 
an ingredient of a substrate layer. 

[0053] The above-mentioned magnetic storage medium adjoins the upper part of a recording layer 3, and has 
the protective layer 4 with a thickness of 10nm. A protective layer 4 consists of hard carbon, and protects a 
recording layer 3. 

[0054] Each class which constitutes this magnetic storage medium is formed by sputtering. The conditions of 
sputtering are shown in Table 1 . 



[0055] 
[Table 1] 


»» 


Ar pressure 
GnTorr) 


Ts 
K) 


Sputtering 
Power (kW) 


RF Bias 
(W) 


CrMo 


5 


2 5 


0. 5 (DC) 


0 


CoPlCr-SiO, 


5 


2 5 


0. 2 <RF) 


2 0 


C 


1 0 


2 5 


1. 0 (DC) 


0 



[0056] Si02 and C are indicated to be the CrMo alloy and CoPtCr alloy which are the ingredient of the 
substrate layer 2, a recording layer 3, and a protective layer 4, respectively to the leftmost column. RF bias 
power (W) by which a seal of approval is carried out is shown in the pressure (mTorr) of Ar at the time of 
carrying out sputtering of the target which becomes from each of those ingredients at order, the substrate 
temperature Ts (degree C), DC or the sputtering power (kW) of RF, and a substrate 1 on the right-hand side of 
each of those column. First, the pressure of Ar forms the substrate layer 2 which consists of Cr50Mo50 with 
DC sputtering power 5mTorr(s) and whose substrate temperature Ts are 25 degrees C and 0.5kW. The seal of 
approval of the RF bias power is not carried out to a substrate, next, Co80Pt1 5 — 5mTorr(s) and the substrate 
temperature Ts carry out [ pressure / of Ar / power / 25 degrees C and ] coincidence discharge of a CoPtCr 
target and the Si02 target by RF sputtering which is 0.2kW, and the recording layer 3 which consists of Cr5 and 
Si02 forms membranes as CoPtCr-Si02 composite film. RF bias power is impressed to a substrate in that 
case, and a detailed deposit of the crystal grain object 3_1 is promoted in Si02 matrix 3_2. And the pressure of 
Ar forms the protective layer 4 which consists of C with DC sputtering power 10mTorr(s) and whose substrate 
temperature Ts are 25 degrees C and 1.0kW. The seal of approval of the RF bias power is not carried out to a 
substrate. 

[0057] The property of this magnetic storage medium is compared with the conventional granular medium. 
Drawing 4 shows the configuration of the conventional granular medium before that. 

[0058] Drawing 4 is drawing showing the cross-section configuration of the conventional granular medium. 
[0059] This conventional granular medium places and differs from the above-mentioned magnetic storage 
medium at a point without a substrate layer, and the point that the configurations of a recording layer differ. 
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The protective layer is the same as the protective layer 4 of the above-mentioned magnetic storage medium, 
and the substrate is the same except for the substrate 1 and thickness of the above-mentioned magnetic 
storage medium. However, change of the thickness of a substrate hardly affects the property of a magnetic 
storage medium. 

[0060] The thickness is 20nm and a recording layer 5 consists of two or more spherical crystal grain objects 
5_1 and Si02 matrix 5_2. Those crystal grain objects 5_1 consist of an alloy of a presentation of Co80Pt20 (at%) 
in which ferromagnetism is shown. The average of the particle size of these crystal grain objects 5,J is about 
12nm, and this crystal grain object 5_1 and Si02 matrix 5_2 occupy 50% of volume in a recording layer 5, 
respectively. Moreover, while coming to distribute the spherical crystal grain object 5_1 of these plurality in 
Si02 matrix 5_2, most of those crystal grain objects 5_1 have all those front faces covered with this Si02 
matrix 5_2, respectively. Therefore, heteroepitaxial growth of these crystal grain objects 5_1 is not carried out, 
but most orientation of the magnetization is directions, such as a three dimension. In addition, a recording layer 
5 is formed on the same spatter conditions as the time of setting aside the presentation and thickness and 
forming the recording layer 3 of the 1 st operation gestalt. In addition, it was formed so that this conventional 
granular medium might also fulfill the four above-mentioned condition for the comparison with the magnetic 
storage medium of the 1st operation gestalt. 

[0061] With this conventional magnetic storage medium, the measurement result of the static magnetism 
property of the magnetic storage medium of the 1st operation gestalt mentioned above and a magnetic 
parametric performance is explained using Table 2. 
!0062] 

Table 2] 





S.../K, 
(dB) 


H* 
(kOe) 


He 
(kOe) 


(kFCI) 


u\V)/(kJ) 


0/W 
<dB> 




2 8 


1 0 


2. 0 


1 1 5 


8 4 


2 0 




2 8 


7 


2. 2 


13 0 


8 5 


3 0 



[0063] The class of medium is shown in the leftmost column. There are [ at a table ] the 1st medium and a 
magnetic storage medium of a certain 1st operation gestalt in the class of medium conventionally in a medium, 
a certain conventional granular medium, and a table. Various kinds of measurement results performed to those 
media are shown in the right-hand side of each of those column. The measured amounts are D50 (kFCI) 
showing the average Hk (kOe), the holding power He of a medium (kOe), and resolution of an anisotropy field of 
Siso/Nm and two or more crystal grain objects, (Ku-V)AkB-T), and O/W (dB), as shown in the maximum upper 
case of a table in order. In addition, two or more kinds of measurement results of two media are shown by 
following Table 3 - 5 as well as Table 2. 

[0064] Siso/Nm is a ratio with the medium noise Nm at the time of reproducing the magnetic information 
recorded with the output signal reinforcement Siso at the time of reproducing the magnetic information on a 
solitary-wave condition with the low track recording density near the OkFCI (kilo Flux Changes perlnch), and the 
track recording density of 160kFCI. It evaluated using the MR head with a core width of face of 1.5 micrometers 
Siso/Nm to both the above-mentioned media. Both the media of both of the conventional granular medium and 
the magnetic storage medium of this 1st operation gestalt showed high Siso 25dB or more/Nm of 28dB. Since 
two or more crystal grain objects included in the recording layer of which this medium are also divided by each 
and do not do a magnetic interaction mutually, one of the reason of this is because dispersion in magnetization 
in the magnetization transition region of that recording layer is small and the medium noise Nm of a magnetic 
storage medium which has that recording layer is low. Another reason has the average of the particle size of 
two or more crystal grain objects included in the medium in 12nm and a small thing also in which the above- 
mentioned medium. 

[0065] Next, about the average Hk of the anisotropy field of two or more crystal grain objects of each, the 
conventional granular medium showed 10kOe(s), and the magnetic storage medium of the 1st operation gestalt 
showed 7kOe(s). The difference in the value of this anisotropy field originates in the difference in the 
presentation of the crystal grain object of both these media. 

[0066] And about holding power He, the conventional granular medium showed 2kOe(s), and the magnetic 
storage medium of the 1st operation gestalt showed 2.2kOe(s). The magnetic storage medium of the 1st 
operation gestalt has the average Hk of an anisotropy field smaller than the conventional granular medium, as 
stated immediately in the top. However, the magnetic storage medium of the 1st operation gestalt is larger than 
the conventional granular medium about orientation, in order that each crystal grain object of the recording 
layer may pierce through a recording layer, as mentioned above. Therefore, both the above-mentioned media 
showed the comparable holding power He. 

[0067] Next, D50 is described. The playback output at the time of the more nearly magnetic information 
generally recorded with high track recording density reproducing the magnetic information decreases. D50 
expresses the track recording density on which the magnetic information which shows the playback output of 
the value of the one half of the playback output of the magnetic information recorded with the track recording 
density of OkFCI was recorded. The conventional granular medium showed 115kFCI(s) and, as for these D50, 
the magnetic storage medium of the 1st operation gestalt showed 130kFCI(s). Since both media had a thin 
recording layer 30nm or less, D50 [ high in this way ] was shown. 

[0068] Next, (Ku-V)AkB-T) showed the value [ medium / conventional / granular ] 84, and the magnetic 
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storage medium of the 1st operation gestalt showed the value 85. Since the average Hk of an anisotropy field is 
smaller than the conventional granular medium, the average Ku of anisotropy energy is also small, however two 
or more crystal grain objects of each of a recording layer 3 are pillar-shaped, the volume has been gained to 
the magnetic storage medium of the 1st operation gestalt in the height direction, and compared with the 
spherical crystal grain child of the same particle size, the average V of the volume of those crystal grain 
objects is increasing it. Therefore, both the above-mentioned media showed comparable (Ku-V)/(kB-T). 
[0063] The magnetic storage medium of the 1st operation gestalt showed the remarkable high value 30 to the 
last, to the conventional granular medium having shown the value 20, as for O/W. In order that each crystal 
grain object of the recording layer may pierce through a recording layer, the magnetic storage medium of the 
1st operation gestalt carries out orientation of the magnetization of those crystal grain objects with the priority 
to the field inboard of a recording layer, while having the average Hk of a small anisotropy field. Thus, since the 
small magnetization of an anisotropy field which is carrying out orientation tends to be reversed by the field of 
a head in the case of the re-writing of magnetic information, O/W of the magnetic storage medium of the 1st 
operation gestalt showed the high value. 

[0070] As explained above, while the magnetic storage medium of the 1st operation gestalt of this invention has 
high resolution, high S/Nm is shown, and while memorizing the magnetic information which has the die length of 
a life required further practically, O/W with high practical use level is shown. 

[0071] since he will cause increase of a medium noise if the crystal grain child 3,1 has the part of **, and a 
dense part, in order that [ in addition, ] arranging to homogeneity may be desirable and it may increase the 
playback output — the maximum — to arrange by the coordination which becomes dense is desired. 
[0072] Next, the 2nd operation gestalt of this invention is explained. 

[0073] Drawing 5 is drawing showing the configuration of the magnetic storage medium of the 2nd operation 
gestalt of this invention. 

[0074] The magnetic storage medium of this 2nd operation gestalt differs from the magnetic storage medium of 
the 1st operation gestalt only in the point that the texture is prepared in the substrate 1_2. The texture is 
formed in the shape of [ of 15A spacing extended to the circumferencial direction of the disk of a substrate 
1_2 ] a stripe. An easy axis carries out orientation of the magnetization of two or more crystal grain children in 
a recording layer 3 with the priority to the circumferencial direction of that substrate 1_2 by formation of this 
texture. 

[0075] The measurement result of the static magnetism property of the magnetic storage medium of this 2nd 
operation gestalt and a magnetic parametric performance is explained using Table 3. The result of the same 
measurement of the magnetic storage medium of the 1 st operation gestalt is also described for a comparison. 



;0076] 
[Table 3] 




S.../H. 
(dB) 


H, [ffi] ' 
(kOe) 


H, [«] 
(kOe) 


Dm 
(kFCI) 


0/f 

(dB) 




2 8 


2. 2 


2 2 0 0 


13 0 


30 


M2om» 


2 9 


2. 5 


2 10 0 


14 0 


3 5 



[0077] D50 (kFCI) showing the holding power He (kOe), the holding power He of the direction of a path of a 
medium (kOe), and resolution of a hoop direction of Siso/Nm to the 2nd medium and each magnetic storage 
medium of a certain 2nd operation gestalt and a medium and the measurement result of O/W (dB) are shown in 
a table at the 1st medium, the magnetic storage medium of the 1st [ certain ] operation gestalt, and a table. 
Compared with the magnetic storage medium of the 1st operation gestalt, Siso/Nm of the magnetic storage 
medium of the 2nd operation gestalt improved from 28dB to 29dB, its holding power He of a hoop direction 
improved from 2.2kOe(s) to 2.50e(s), the holding power He of the direction of a path decreased from 2.2kOe(s) 
to 2.1kOe(s), and its D50 improved from 130kFCI(s) to 140kFCI(s), and its O/W improved from 30dB to 35dB. 
Improvement in the holding power He of this hoop direction and reduction of the holding power He of the 
direction of a path show that the easy axis of two or more crystal grain children in a recording layer 3 carried 
out orientation with the priority to the circumferencial direction of that substrate 1_2 by existence of a texture. 
The above-mentioned Siso/Nm, D50, and improvement in O/W were brought about by this orientation. 
[0078] In addition, although orientation of the easy axis was carried out by setting the texture of a hoop 
direction as a substrate 1,2 with this 2nd operation gestalt, the magnetic storage medium of this invention may 
carry out orientation of the easy axis by the membrane stress by the membrane formation among a magnetic 
field and substrate heating at the time of membrane formation of a recording layer. 
[0079] Next, the 3rd operation gestalt of this invention is explained. 

[0080] Drawing 6 is drawing showing the configuration of the magnetic storage medium of the 3rd operation 
gestalt of this invention. 

[0081] The magnetic storage medium of this 3rd operation gestalt differs from the magnetic storage medium of 
the 2nd operation gestalt only in the point of having the interlayer 6 whose thickness of a layer is 5nm, by 
nonmagnetic [ which adjoins both that layer and consists of an alloy of a presentation of Co50Cr50 (at%) ] while 
being located between the substrate layer 2 and a recording layer 3. This interlayer 6 is formed on the same 
sputtering conditions as the CrMo alloy shown in Table 1 . When the TEM photograph of the magnetic storage 
medium of this 3rd operation gestalt and the magnetic storage medium of the 2nd operation gestalt was taken 
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and the particle size distribution of two or more ferromagnetic crystal grain children of both media was 
compared from that photograph, the standard deviation of the particle size of two or more crystal grain children 
of the magnetic storage medium of the 3rd operation gestalt was about 3.0nm smaller than the standard 
deviation of the particle size of two or more crystal grain children of the magnetic storage medium of the 2nd 
operation gestalt. 

[0082] The measurement result of the static magnetism property of the magnetic storage medium of this 3rd 
operation gestalt and a magnetic parametric performance is explained using Table 4. The result of the same 
measurement of the magnetic storage medium of the 2nd operation gestalt is also described for a comparison. 
[0083] 
[Table 4] 





S.../N. 
(dB) 


(kOe) 


K 
(kFCI) 


0/W 
(dB) 


S82<0«# 


2 9 


2. 5 


1 3 0 


3 5 


S$3 0$# 


3 0 


2. 5 


14 0 


3 5 



[0084] D50 (kFCI) showing the holding power He (kOe) and resolution of a hoop direction of Siso/Nm to the 3rd 
medium and each magnetic storage medium of a certain 3rd operation gestalt and a medium and the 
measurement result of O/W (dB) are shown in a table at the 2nd medium, the magnetic storage medium of the 
2nd [ certain ] operation gestalt and a table. Compared with the magnetic storage medium of the 2nd operation 
gestalt, Siso/Nm of the magnetic storage medium of the 3rd operation gestalt improved from 29dB to 30dB. As 
for the holding power He of a hoop direction, both media showed 2.5kOe(s) and the value as 35dB with 140kFCI 
(s) and 0/W same [ D50 ]. The improvement in this Siso/Nm is because it came to be distributed with small 
standard deviation by existence of an interlayer 6, as the particle size of two or more crystal grain objects 
included in the magnetic storage medium of the 3rd operation gestalt mentioned above. 
[0085] In addition, although the magnetic storage medium of this 3rd operation gestalt used the alloy of a 
presentation of Co50Cr50 for the interlayer as an ingredient, the alloy, oxide, or nitride which becomes an 
interlayer from one or more kinds of elements of Co, Cr, Mo, Ta, V, and the W may be used for the magnetic 
storage medium of this invention. As for an interlayer, it is desirable in that case that a substrate layer is what 
consists of a different ingredient. And it is still more desirable to use the alloy containing Co and Cr which are 
the in-between ingredient of the ingredient which contains in an interlayer Cr of the substrate layer 2 which 
was used with this 3rd operation gestalt, and the ingredient containing Co of the crystal grain object of a 
recording layer 3. 

[0086] Finally, the 4th operation gestalt of this invention is explained. 

[0087] Drawing 7 is drawing showing the configuration of the magnetic storage medium of the 4th operation 
gestalt of this invention. 

[0088] The magnetic storage medium of this 4th operation gestalt differs from the magnetic storage medium of 
the 3rd operation gestalt only in the point of having the seed layer 7 whose thickness of a layer is 5nm, by 
nonmagnetic [ which adjoins both that layer and consists of Cr ] while being located between a substrate 1_2 
and the substrate layer 2. This seed layer 7 is formed on the same sputtering conditions as the CrMo alloy 
shown in Table 1. 

[0089] The measurement result of the static magnetism property of the magnetic storage medium of this 4th 
operation gestalt and a magnetic parametric performance is explained using Table 5. The result of the same 
measurement of the magnetic storage medium of the 3rd operation gestalt is also described for a comparison. 



;oo9o] 

iTable 5] 


tm 


S,.o/N. 
(dB) 


(kOe) 


D H 
(kFCI) 


0/W 
(dB) 




3 0 


2. 5 


14 0 


3 5 




3 0 


2. 7 


14 5 


3 7 



[0091] D50 (kFCI) showing the holding power He (kOe) and resolution of a hoop direction of Siso/Nm to the 4th 
medium and each magnetic storage medium of a certain 4th operation gestalt and a medium and the 
measurement result of O/W (dB) are shown in a table at the 3rd medium, the magnetic storage medium of the 
3rd [ certain ] operation gestalt, and a table. Compared with the magnetic storage medium of the 3rd operation 
gestalt, the holding power He of the magnetic storage medium of the 4th operation gestalt of a hoop direction 
improved from 2.5kOe(s) to 2.70e(s), and its D50 improved from 140kFCI(s) to 145kFCI(s), and its O/W 
improved from 35dB to 37dB. Moreover, both the above-mentioned media of both showed high Siso/Nm of 
30dB. Improvement in the holding power He of this hoop direction shows that the orientation of the easy axis of 
two or more crystal grain children in a recording layer 3 improved by existence of the seed layer 7. Orientation 
of those easy axes is carried out with the priority to the field inboard of a recording layer 3 here. Improvement 
in above-mentioned D50 and above-mentioned O/W was brought about by this orientation. 
[0092] In addition, although the magnetic storage medium of this 4th operation gestalt used Cr for the seed 
layer as an ingredient, the alloy, oxide, or nitride which consists of one or more kinds of elements of Cr, Mo, Ta, 
V, and the W may be used for the magnetic storage medium of this invention as an ingredient of a seed layer. 
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As for a seed layer, it is desirable in that case to consist of a different ingredient from a substrate layer. 
[0093] In addition, although the magnetic storage medium of this 4th operation gestalt used the alloy of a 
presentation of Co50Cr50 for the interlayer as an ingredient like the magnetic storage medium of the 3rd 
operation gestalt, the alloy, oxide, or nitride which becomes an interlayer from one or more kinds of elements of 
Co, Cr, Mo, Ta, V, and the W may be used for the magnetic storage medium of this invention. As for an 
interlayer, it is desirable in that case that the ingredient of a substrate layer and the ingredient of a seed layer 
are what consists of a different ingredient. And it is still more desirable to use the alloy containing Co and Cr 
which are the in-between ingredient of the ingredient which contains in an interlayer Cr of the substrate layer 2 
which was used with this 4th operation gestalt, and the ingredient containing Co of the crystal grain object of a 
recording layer 3. 

[0094] Moreover, although the magnetic storage medium of this 4th operation gestalt had the interlayer 6 with 
the seed layer 7, the magnetic storage medium of this invention may be a configuration which does not contain 
an interlayer including a seed layer. 
[0095] 

[Effect of the Invention] As explained above, while it is possible to record information with high recording 
density, and to reproduce the information by the high signal quality (high S/Nm) according to this invention, 
though reinforcement of the information currently recorded is attained, an over-writing property can offer a 
good magnetic storage medium. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[Drawing 1] It is the graph which shows S/Nm to the particle size D of a crystal grain object at the time of 
using as a model the magnetic storage medium which has the recording density of 2 10 Gbit(s)/inch. 
[Drawing 2] It is the graph which shows the magnitude of the width of face a of the magnetization transition 
region to record layer thickness delta at the time of using as a model the magnetic storage medium which has 
the recording density of 2 10 Gbit(s)/inch. 

[Drawing 3] It is drawing showing the cross-section structure of the magnetic storage medium of the 1st 
operation gestalt of this invention. 

[Drawing 4] It is drawing showing the cross-section configuration of the conventional granular medium. 
[Drawing 51 It is drawing showing the configuration of the magnetic storage medium of the 2nd operation gestalt 
of this invention. 

[Drawing 6] It is drawing showing the configuration of the magnetic storage medium of the 3rd operation gestalt 
of this invention. 

[Drawing. 7] It is drawing showing the configuration of the magnetic storage medium of the 4th operation gestalt 
of this invention. 
[Description of Notations] 

1 1_2 Substrate 

2 Substrate Layer 

3 Five Recording layer 

3_1, 5_1 Crystal grain object 
3_2, 5_2 Si02 matrix 

4 Protective Layer 

6 Interlayer 

7 Seed Layer 



[Translation done.] 
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<DfflWbB^HET?©K<b<D tf c, o ^ ic fcS . 

[ooo 4] cfl)«<bfl)tfe>oeii. a»tt^-r<ss 

Sl^-roWCDKSlWftfflS^ffllciEH LX±-f&z t A<» 
"b*trt^i). **B^#Sf|*. w<C»SlMftffiSftfflA<P 
to^+tfcfiEttirLr, ^-i^KfilElg^^tiSgL 
fc mif07-16O437f) „ Z.0>7=7-ZL=ym 
SLKmmmt* FetKIJFe ^©$*fc*LM*C o 

* L < li c o & ft &t&&<7)%&1£<Z>&a&?- 

*<, CJh.«)<0^i:l*^HjSft#«1±©%lB*lc»au 

■cm>i-BnaL-cft€.E®B^-r*t<»-cfc«>. -<© 
£ y ^f.oiiffitt^s^cDKiDffiaMftffls^ffl 

■So 

[0005] Sfc. «E»y'fXi*esa ; ?-a)^-y--<x 

*(Dfc». 1 d-y h-tz^rt(0¥^)a^-9-'1'XA<**<ft 
■5i:*<Dtt ; f-y--1'X(0tfe,o$t*:^<fty, 

rs±a*wi*f)O^A<^$ < ft ixt&its -txtm*. 

fS. Lf=A<oT. «SlEffi«Et*:(OE®BICfc^Tea 

td^roa^-y- -< x*<<fe y /jx * < ft h j= 3 n& * *i -5 - i 
-e. cana»ElS«E«:a»«E<*V'fXN„ ) i*$f,^«M$ 

[0 0 0 6] 

[S6B^A<»*L*3t-rSSB] LA>U MESlWftfflS 



(3) 
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*\zm&t<titzmitiz. to*-** xwfrt itfttf'h* i> 
*-k u - v m&mx&m-ji'X-xto+mtom) *< 
-5tSft<©Ke-eaE<b«)^ifiiA<fflt> < , j»t8'b^ssi*<±-r 

[0007] *©<satt^©ft«v*a'>$*<fA<&a 

*ttx*ju*-K u - V£*£lMfil::i:i:to£fctol::. 
^atftTro^Wi: LT««JI;514x*;M?-K u (0:*:# 

ft&:frtex*;Mr- K U £ fco$S&&*-<018<b * SJS * 

tto. a«wfflfl)fiiBfi^ic/«cfcaBL-cL^aa«« 
*©*^$a>ibi=«kora$*i^. aaisisjaEit©*- 

/\*-5-f (O/W) A<»b-TSi:l*5F<gSj!><fe 

[ooo8] *&ui*±ie*mi=e*. KESt&s-ets 

tttBftU *o*0lfHI&*lHI*aft (Ss/ 
Nm) T?S±rSCtA<BIfi|-e«.-Si:i:t,l=. E8t3*l 
rt^5fllffl<©S»^bA<0b*i'SA<iS>4,^— /N'-^-f K 
*#14*<fi»fcill«E1SSE<* «. Ci^lfttt 

So 

[0 0 0 9] 

[fSB£fls*T-&f=tf>a>¥f9:] -tEBWsais-ra** 

HaBSlEttttttl*. 

(1) IHBI&DStt 

(2) *MracD*m*i::aate«>tta*&tt«iMk«>fa 

S«M*A^*$4tTJS-6 i: 1 * l=*a>tta<B$Sa*M*© 
«<bSgttA<JBI=¥frlclBl6l Lt«C«GM 

©*:h.*hd<. *<*>KiiUa©®£Jl< tttlc*<DB3F 
A<3 0 nmJUTT?fc5tttt<D«tt^feoT*<&1Sa<BfS 
SI4tt:a)-t-«)ffi&B<D®rt^(nJ<Dtlg«)jp^HlA< 1 5 n 

rg/K) tSJST (i*<i: K) <7)«IC*t-f 
<D^S«H*a>aStm^x*;u^-<D^fflKu (# 

: e r g/cm3) (D««0>^Sft«lOft8<Of 
«3filV (iUti: cm3) ©WOJlfCfc* (K u • V)/ (k 
B- T)A<6 0Jil.ht?fcy. fr-3*<D«a(DlSai!H*-t*t 
^*lto®£i4«#<0¥fc)filHk*< 1 0 k O e KIT"*?**. 

[0010] #1tttCD«SlE1S8l(*±: Ut. 1 0Gb i 

tfM&tlT l^S. lOGbit/inch 2<o8EfiSBS 
£*Tf SlBStEISiigfctol tf-v h-bJK0*^*l*1 0 0 



nmx 6 00 n m^Ugl? £>•!><, 

[0 0 1 1] *S§l8<0«taE1Siei«:i*. ^<0«i:5«X^ 

*\ ESiSa)««a)jSSIl«:<»taSCDiF^fiiA< 1 5 n m 
UTizmmx&ZtT!* Cto««E1S«£<*te*<BEiS 
£*tS»«tiM8£BlxlE«t$T?*5±-e#'S 2 5 d BGLh 
©ai^S/NmSip-f,, £fc. C©«ftE1S«H*l4. E 

»Ji©tt«a>ttatti*A«*a>j: 5<ftta**-r*«*. 
<b^«ua©iisA<msro*^*jaTic}Jn*f>ti-c. *ra> 
*i*>. ca>aaEtiaEt*:i*. ±e(k u - v>/ 

(kB- T)A<6 0Kl±lcS*tSCt-eE®S<7)taaa)^ 
Stt(*-€-tt^*ifl)a<ba)««S?»^jqiil'bH, ESBlc 

Eissat&issitttsis. £ffi±gfi$*i&£<^$$*<ft 

JSa*&{*tom^1±»#<0¥«i)filHkA< I 0 k O e KITI= 

«j*t>4x-s>ci:i=<fcy, s##o/w£jF-r. 

[0 0 12] CtoO/W££ t>lC|S]±$1+rSlffllc£* 
ffllz-T -5 (XI* H k * o * 5 3S'J> * tftUS J: l». f=f£ 

u -tti=ttaattatt{*anAttttHL<Dv$iKHka> 
t t,i=*©«aro^atm*<DasiM^i±x^^^ 

**tK u A<»'>-^SCi:l=J:y±E(Ku ■ V)/ (kB 
• T)©fi)!)<±»Lfc6 0i:l>5*IBMT*WCt 
left*. L*»U *3BW<DttfllE«&«:-CI*, EltJSto 

«ato$sa«n***i€*t(*. *<oe®s 

-ecofcto. ^-tifcroisai&tti*, e®»<d* 

ic^ttOJlSatt^atoaS^T^S^irlk^r, * 
<OMt S C tic J: y *-0><*W<DJF*Dfi& 

y» JtE(K u -V)/ (kB- T)0><ft*flL«& 
&i;K u 4,il£'>£-e-SCi:;&<T?£. Ut^TI*Hk*t»'> 

[00 13] I^CHk-efco-Ct, C<D«SIE« 

E®B©**t^<Deafi«*A<ESIi*1t<f= 
«> P> 0>*Satatt:(D«<bf*E8ifg OOffirt ^IrI lc® 5feM 

i=Efl-f-5. co)«fc■5l=E(6lLrt^s^l^bli. ats«t« 

«>, «»Et|jS(*<Do/wi±$p>rcisj±.-rs. 
[oo 1 4] c<D«k5lc. *^Eja)KaE«l!«t*:i*. a 

ffl±«Stt*aa><$ £*-r-5«Sl««*E1S-r St i: 
4. icHffl L"<;MZ>Hl,>o/w£7p-f o 
[0 0 15] ±EttftEtBfSA:tt. Ifi*<f-rx^ttfl) 

a«7?&stttic\ EKBi=d£4i&ttaa>tiatt{t 
[0016] -fisiz. aESffiStoaaEisaEi*!*^^ 
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©T-f*? ttO)S«<DRffl^(pJ*lRl<. ESJBlc^Ji 
4««cojagfM**ft*ft©BHbS^tt*<*(DRJa:5iRi 
lciH[S|-r-5i:. «ftE1SSM*l*. *(DO/WA<|6j±-r 

55|Sl<0«}**HcA«Jg*: LT«<biI»fU«(D*gAM*3:-& 

[0 0 17] g-fc. -tEfi&SKEISSEfcl*. E«SB*<DJ§ 
CofeWPt to -5 c£A<# 

*Ll\, 

[0018] Coittt&0)&&m&*:m-thttt>\~ 
«teA<E|S]LA^l>fctf>EilB0>*m£: LT2SLTTO 

[0 0 19] £fc. ±Effi£lElS!S<*f*. S«H4>d!>^ 

[0 0 2 0] *Bi:K<b«j-tz J 5 5-v^^i:l*^@J8-0& 
•5<Dt?. w0>«&E1S8tf*-ef*. EiaBdfclT-S&fl&tt 

[002 1] -bE»SlE1S8H*tt. 

(3) &&tR&mt<Dmz, ■#«ttO«»J^6<f«T 

LL\, 

[0 0 2 2] C©TifeB£^-f3«aE1IlSttl*. C0> 
TttsB± C:ESiUB0>«»0>fSS*<H* $ -t *i-eh.^T P x 

<b<BIBl6]A<i§*-f£. 

[0 0 2 3] ±ET%B£^*»SlE1S$««:-ei*. * 
0>T*BA<. C r ££t?*fc**e>fc*Ci:*<#*Ll\ > 
[0 0 2 4] Ti6H©»»-0fc€)C r £#t;^&0> (1 

1 o) moimmmit. &mm<M£&m&<»*m-e&&c 

ojoitfPtm^ (002) @(7)®raP^tl5lS 
-»-f §. *<Dfc«>. *©T*6B<D±T--?-;hto<0«»a> 

wn&<o«sa»<o»HbA<ESB(D®rt^iaiice*Mrc 

[0 0 2 5] ±E (3) <©TJ6S*%-r-S»«Eti«H* 

I*. 

(4) *<BT*6» iESBt w4xtoTJ6BiE 
®Bi<B5R^KBM£L-r\ *a>T16B£8lfifc-r*>*m£: 
liflfc 4 #i81±0>*mA> to £ * * mh 

[oo2 6] ^o*raBi*T«jstE«Jst$«'^-r4 



S-Cfcy, C(D4>WSI=J:oTfl'^$4x*-i:^<*:yE 

-ra. *<Dtz#>. c<D*raH*^-r*«siEtiJ«<*i*?s 
[0027] ±E4>raB£*rrai»$iEisBs<*i*. •?•«> 

T1&BA<. C r ££fc££frtofc* thltZ* *<BEH 

y. * z>tzwt>mmtf. cofc<fct;c r 

[0 0 2 8] C(DJ:5§CofeJ:i;Cr$ttS6ll 
ESBroCofc«fet;p t £#fc£&£TiftBa>C r 

B*«>^-r**raB©«»tL-CiiLr^-i). C 

(D* wbcd± icE^sroaawsssieftii as? i-^x □ 

[0 0 2 9] ±E (3) aT*B**r*-«ttftB1Mt{t 
I*, 

(5) Sffit*<DT16Bi:(DWI^ C*ttoS«£TifcB 

tomisizm®Lx. ^-©Ti6B$«tja-r-5tt*4ti*s 
Jtc «*m* & *>- ks 

[0 0 3 0] S«li£EA<ffl<. SffitTtfeBOTWlcv 
- KB*«t;C tic* y *<DTi6B<D®A<¥»<b**t 
-5. COTlfeBO^JtiblCfeyEeiBOTSStttt:©^ 
<DE(S]A<(Si±-r-5. 

[00 3 1] 

[*B^(DH8S^88] KIT. *IHUi<DllJ£«£ffilcoi,xTI» 

[o o 3 2] ^%^(OSIffl^fiS(01»S[EtSiii$:(0BlSlc 
o^-CKBJ-rSfllric. 3fctStt<D»tftEtSi8<*i: UtMt 
4vCl^. 1 0Gb i t/ i n c h2£jg*.-5Kl,\SE® 
S5g$^-r-55KftEtl«t**:roE@:Blc#*^S5i{attro 
«S^l:M4' 4 o<D<f JdLt(D&ttlcoi*-ciftiU|-r 

[0033] c«>iaffiitiftii. *o>t&mzti 

•5«ft1t«*S^jE5i*-CII±T?#*2 5 d BliLtWS 

t&z\ o>nBi<r> s / N m A<j&g-<? § t #*. to*iT 
So C0ttftE18ttt*0E&B4>a>&tt1±a>»&*M*a> 
«§D (m(4l*nm) IcWr-SS/Nm^Pfflfi-rSfcto 
IC, TH. Neal Bertram. Hon 

g Zhou andRoy Gustafson: 
"Signal to Noise RatioSca 
ling and Density Limit E s 
timatesin Longitudinal Ma 
gnetic Recording". IEEE Tr 
ans. Magn. , Vol. 34, p 1 845, Ju 
n e 1 9 9 8. J \Z5-Z. to*VCl*S S/N m <Dst£?iJffl 
-f 5. 
[00 3 4] 
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[*1 ] 



S/N - 
m 



031TB 2 W 
a 2 D 3 



[0035] &»r = 2, «aa = 2T»jb*. 

ittTl^-S. lOGbi t/inch 2o3SE©ffifi£ tiT 
•58tftKt§S«:|*. -tWtf-v hft (1 tf-y HrJKDS 
S) BlilOOnmlStfeU, £fc. *<J>h7V<7l& 
( 1 t-V h"tr;K©4a) Wli6 0 0nmfifi-CfcS. dfl) 

[0 036] Ell I*, 10Gb i t/l nc h2<BfB@t 

ffig^^-rsffisiKtt^^^^utLfcia^co. ass 

[0 0 3 7] JSS*!H*<D*4gD (nm) £S 

L. fflttl*. S/N m (dB) £S-f. ??7*a*lt 

f*. li*<D (nm) -cfes«»<Dis&att:^e.fc-&fa 
®s**-r*»sifiBit«E(*©^-rs/N m (<jb) $s 

O nm*-C?liJ!ia-r-5lCO*ir. S/N m l*. 60dBS 
1 5 d B*t?mPlC^'>-ri>. lILfc. 2 5 d 
BJil.La>S/Nni£*#'5f=«>fCli. Z.<D?^-?frt> % fit 
gDA<1 5 nmmT1?fc?>^tA<Sii$*tS„ £fc. SI 
*©il^«ia-CS**^*3 O d BgfiOS/Nmtfit 

•5*51-, ftSDA<1 0 nmJ2TFt?fc-i>C l J#* 
LIV, 

[0 O 3 8] 10Gbi t/inc h2£g*..5 

^*tt#ii*<a2-ea$+u5„ 

[0039] 
[»2] 

,1/2 



a - 



4M 




[0040] fiHSSa>SB«<beBSM rttso 

Oemu/cc. *>>y K£KStB<Z>ffiH£S"f HSlX'* 
-v^dtt30nm. f UT«ft*H c tt2 5 O 00 
e tti. t^^XOfilt 10Gb i t / i n c h2<&8E 



[0 04 1] 0 2I*. 1 0Gb i t / i n c h2<D|2& 

[0 0 4 2] 1B©B©J5$<5 (nm) 5SU 

Sfcttll*. mtW&ffl&Oy&a (nm) ^77* 
IBSB(0J5*A<5 (nm) -efeSt^vX -t 

a (nm) $St. <fe 5 B$«A<0 

nm^P.4 0 nm*-eJtJjQ-rSIC#oT. «HbS»fi« 
<D*gal*0 nm^e>4 0 n m^-e^iaidt^-ri). 
[0 0 4 3] -jiaic. SK«:i:l=«feycO!)Wba»«« 

M a li^SHS D 0> 2 fgfIS£T?S*«>£ C t A<T? # 5 1 

#jie>ti.-c*jy. *&&da<i 5 nm©eaa«:$^r-r-5 

ttftEttJttfcOlEBBOBfcB&ttttaM a 1*3 0 nm 
£T?»to«b*t-5. -J-L-C. ±&L.fc&«D*<1 5nmEl 

5fc&K*0>ffi®B0>«<ba&fItt(D*g a i 3 

t>t)fr&£olz* -€-(D8ESBa)JSS5l*3 0nmKlT-T? 
fc^Ct^SW*^*. ±2Lfc1 OnmO)ti&D$S 
miz-tZt 2 0 n m WTCOBHbil&SittWlg a jb<g£*t 
-S^T?. Cfl)fiE®B©»$<5li. wfl)^5 74>6^* 
J: o 1-1 5 nmJilT-efetH^fcfit^. 

[0 0 4 4] COttftSBIgfltttl*. IEiiB*<D«S 

Sf4t*«>flKbl:: J: o Ti§**h..5»taif«R;!><gl^iS»£*r 
-f -5 d i: £gW£*ti>. JlS& Lfc<fc 5 (K U • v) / 

(kB- T) lM5£**©§&tS}l;l:§l^ ^©SjSA^ 

e>. (k u • v)/ (ke- t)i*6 oia±a)filt?fc-5ct 
*<»*l<. croffi-e fetus, cw«sireit!«(*i*. m 
m&fMfBim-e<J>nm&3i t *-o>tiLffi\z£ y fflt?tt-s ft if l 

rPu - Ling L u and StanleyH. 
Charap. "Thermal instabi I i 
ty at 10Gb i t/i n2 magnetic 
recording". IEEE Trans. Ma 
gn. , vol. 3 O, no. 6. Nov. 1 994J 

[0 0 4 5] C<B«&IE1§«tmS»fcO/W£ 

5*SB s l-<fcy«i|EE$*ti.. fitB s AWL»ttfi-e2T 
(20kOel:i3) gStfty. CI<B«fc5fc*m-C1 
0 k O e 8&0>»#&*mfit£38«fe $#-5 C i: A^bTIIT? 
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4#Bfl2 O 0 0-2 7 6 7 2 9 



[0046] m±.o 4 -otoStn-z isfc-r. *stmi0>gsj6 

[0 0 4 7] 12 3 IS, #SgBJ3<7)f5 1 ©HS£ffcl§©lS»IE 

[0 0 4 8] CO«tSiretifi|{*l*S«1 tT«6B2i:IH 
^B34:ffK/S4|z < i:y«fie$+iT^i>. S« 1 liT^ 

Sffi 1 LT 5 0 n mfl)JS$<DT16H 2 A<ffS 

$t>IC*«>T16®2©±SBIC1 5nm<DJ5*<D 

[O 0 4 9] 8E®B3I3\ C O80P t 15C r 5 (a t 

%) <n&f&(D£&frh>uz>iSi8i<»&mi±o>&&m&3_ 

1*<S i 02^ H'J-y^X3_24 1 lcE5iJ**ir<j:-i>t 

2 nmr-fcor*«>iB$<D3p«Dfili*iE®B3a>J5$ 

©15nmffel), C(7)IBSS3$MJ5*[Rll=Jt<Rtt 
«0>tt(*-r?fc*. E@S3-ei*. C<0«gStt«:3_1 t 
S i O2-7h'J-y^^3_2li-?-*l-€ ! *t5 0%<Dtt:a^ 
A*)-!). fcfc\ &&S3<Dim\t#mtLXS i 02JU 
rt<&i8<b&*7 5^;**m^:h.-CtJ:l\, ia 

[OO 5 0] Jgg«M*3_1 $fltfiK-r-i>Co80P t15C 

r5i*. 5£«l4£jp-rA£ga>££-efcy, *<z>fflrtti* 

(00 1) ElcgItfc756ll::-*MSg«S[M75tt£:rr 

■5. 



[005 1] causae** 3_i $»tR-r*s i 02^7 

■r*ffiSl8H1SaE«:i?l*, IE»aicfcl+i)«atttt:3_1 

[0052] T*6B2I*. !3®H3i:S«l t*to1t1r 
£«S]£&fc-f, TiftB2f*C r50Mo50 (a t%) <f> 

*. c rm (1 1 o) Htosrarai*. &sat*3_i«> 

CoPt^D) (0 0 2) ®0®rfflRll3jSt^a>-C. T* 
B2©±l::|!8f£L-C«§g«fl:3_1 A^fOie^y 
VJHSS-T'So *<0tzth. T16B2lcBJl$L'C»fiKi*i 
•St^HtM* 3 _ 1 ODHHbliffitiB 3 (D®l*i£|S]l::«fcW 
iclErai^r-S. T*6BO«»t UTI*. C 

m^&ZttfSt&LK. C r50Mo50lil*V©C r^&T? 

&ort«fct^ *o>f&i=. Ti&m<r>*mt LT* V. M 

[OO 5 3] ±IE«$llEtgSH*l*, 8E®B3<7).tgBI=BI 
SU1 0nm<©J5S<DSSB4£:|rf -5. eKS4l* 

eis<o * * * y Ess 3 £»s-r a t ©-e ft 

■5c 

[0054] C©fc&ffitgSSt*£«j*-f$#BI*X/<-y 

[00 5 5] 
[Si] 





Ar pressure 
(iiTorr) 


Ts 
CC) 


Sputtering 
Power Otf) 


RF Bias 

00 


Crllo 


5 


2 5 


0. 5 (DC) 


0 


CoPICr-SiO, 


5 


2 5 


0. 2 (RF) 


2 0 


C 


10 


2 5 


1. 0 (DC) 


0 



[0 0 5 6] *tl?*lTi&m2. IB Si® 3 . 

fc<£tf«SB4<Dtt#-C&£K CrMo^fe. CoPt 
C rG&tS i 02. fc<fcl/CSfvto ^ftbtB^ft-? 
tta)fflB<D^ffli|lc|ll[^ **Lb<D»»*+t-ftl^€><i:*^ 
— h£*/W$ "J >^-T^P5<D. Ar(DS* (mT 
o r r) % Sffi^JtTs (°C) % D C fcSlM* R F(DX 
/<^^|J>//Si3 (kW) % fc<fcl/:S«1 ICHlnl^tLS 
(W) ^^-To Cr50Mo50^ 
bfc<5~F*6B2li* A r <7)(EAlA<5mT o r r % S*5S 
&T S *<2 5°C. O. SkWOJDCX/^^'J^i* 

*t3 % C08OP t 15C r5<hS i 02^b^-SK®H3 
f*. CoPtCr^-^hi:Si02?-y^h^ 
A r(0E*^5mTo r r , SfijgJgT s ^2 5°C. S 

CoP t C r-S i 023>?Kv^ his* LTrSSf 



&o ^(OKSfilZRF/^^TXS^^qiJDL. S i 02 
"7 h 'J ^ *X3_2*|Z$gg!i{*3_1 (OfBMffl*rttl£{E 

A<1 OmTo r r . gffiSKT s *<2 5°C. 1 . 0 kW 

[0 0 5 8] E14I±. ftXiDV'y-^'ytSlfttomwmm 
[0 0 5 9] C0)tt3K(D^^-zL^j«»l±, ±E»SIE 
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tz tz L . SftOft $ <0 ft <bl*»S8E1tfiEttGmi4l= 15 1 
[0 0 6 0] f©R*A<2 0nmT?fe-3 

^5_2t*>e>^i. **ip>«)«asa(*5_i i*» sis 

14£jpTC O80P t20 (a t %) <©fflfi8<D#*A^ ft 
C*te>(D«Sa8M*5_1 attSOWMtfittt 1 2n 

2 -7 h "J 7^5_2 fcl*-t*l-£*l5 0%<*>#«£d5to 
*fc. C*lf,<D«a(0«ltt(DS®e«:5_1 I*. S 

i 027h , j-v-j?x5_2f=,by-t«)±as$«*3*t 



**>-wu*fii*-r, *<&ft<ba>ftrs)i*i§:^£3 2fe7c«? 
ftfc\ Keif 5 1*. *roi§jaiJ9**siiizL 

ft i <Dmmf&mo>mftLi&fei&i*to>tt&o>tzib±& 

[006 1] C<Dt£3lseDftftgE1S8ttt:i:£*l=. -t^L 

f=ft 1 ro^J6^sirom»SEli{«t*cDfif»«!t#ttfc &zfn 
m^m^a^m^msnz-o^xm z sah'-camm- -s. 

[0062] 
[12] 



8* 






a. 


Q» 




0/W 1 




(dB) 


(kOe) 


(kOe) 


(kFCI) 




(dB) 




2 8 


1 0 


2.0 


1 1 5 


84 


2 0 




28 


7 


2. 2 


13 0 


8 5 


SO 



[0 0 6 3] wroaisft, «E<*coas 

ft 1 ©ftttfc &Sft 1 ©StiEftJSgOftSlffiftftfctfifc 

^SS<*ro^ttKlfiro¥tiHSHk (kOe) . JS<*CD 
ftl#*H c (kOe) , »<Btl$S-rD50 (kFC 
I ) . (K u - V)/ (kB- TK fc<fctfO/W (dB) 

-e&a. ncfc. jaTroS3~a5T?t. a2tH«ic. 

[0 0 6 4] Siso/Nm(4, Ok FC I (k i I o F 
lux Changes per Inch) i£< Affile 

m^m^m.s\ so t. i 6 o k f c i mffl&m&m.x 
&®t<*itzmsLmmzn±Ltz8!i0m#.s ■< XN m t <o 

tfCfc*. ±E@5«li*l=«-r*Siso/N m r*=i7«Sl. 

^i&tttm 1 <D*ftft»naBftlBttft{*a>ft»t<*fi. 
ttlC2 8 d Bi^O 2 5 d BteLtCDftl^S j S o/N ra $ 

£ftftKftftt*<n«t*:V<XN m Am^to-efcS. t 

[0065] <*ic askro«a«{***t^tv<DS*it« 
okoe^u. &-\(Dmmmm<Dm9i&m.i&mt7 k 



[0 0 6 6] -f- Lt. «1#*H 0 I^OL^I*, 

2kOe^U 11 <Bft«5flS8S<Dftft 

nm&mtz. 2 koeSiit. mia>m6»fisaia 

&(*<fcy*'l**fcft7Jl4ftft<D¥lSftHk£«-r-5. L 

a»u ft i aft«gftflBa&fiiettft<*a. -t&ufcj:? 

IV *<Dfcto. ±IEiiati*l*I^SJSa)«l#*Hc**L 
[006 7] 3J?|C. D50l=*3l« % "C&' < $. -ftlCftUtt 

res®s-eree*tifc»ft««i5t\ *«>ftfttiN8£s 
onfttiiJi * »ftfltftWE» $ n^iMBftft ft $ ft 

-f. C©D50«*. ttJlEO^^-JL^fttt:*^ 1 5 kFC 
IJ*L, ft 1 <&Hi6«*©<BftftKft8M*A< 1 3 0 k F 
C I Zip Lf=. USEfti: t, 3 0 n merF<D»lME»HS 
*-T-5fcto. C(D«fc5l=BL^D50**Lfc. 
[0 0 6 8] (K u - V)/ (kB - T)I4. t**0 

^-i7«t»A<8 4i:t>3fil**L. ft10>ftffifl$8& 
<DftftKft«l(*l*8 5i:l>5ft^jrLfc. ft 1 Oftftjf* 

noftfte«Mtt»tt. tt^cD^^-^-^^i y^tt 

BftO^^HlHkAVhd L>OT?ftSlft73ttx^.^^— <D 

{*-€-*t€4xA<tt«t?fei>fcto^a)iS$^(fi]-e<*a^li l 
rfty. scasroBSttottaift^tit^-c-ttt&iDtt 
atm*<z)t*:ft©ip^ftvA<iiDnLr^s. *<of=to. ± 

8BMftt*:l*^SS«>(Ku- V)/ (kB - T)**Lfc. 
[0 0 6 9] ftftlz. O/Wli. ^(D^^-i^aEtt: 
4«20i:l»5iIS*Lfc©l:»U ft 1 a>ftjfi^©a>« 
StKft«H*l*3 Oi:Lx-5ftL<ftLxfll$^Lfc„ ft1<7> 
^JS^IS<DftSl8H1gl«»:tt, /J^^ft73ttft^©ip^fil 



(8) 



nSHZ O 0 0-2 7 6 7 2 9 



0/j*£itEtiiLTi*ftaibi±. ffiftflHSroi?*^*© 
[0 0 7 0] Kl±KBJLfc«fe5l^ *38BW>3n ©SSffi 

[007 1] fcfc\ ^Stft^-3_1 I*. flttflMK ®0> 

l=Sffi<t ft £>Ett-eE*iJ-f £ c t wmztiz. 

[0 0 7 2] *«glB<om2©||Jfi»fiSlC-Dl^itt 



[0073] 05ii, *«b^©^ 2 <DmmMW>(omn.it 

[0074] w (0% 2 <B £tt JgffiOttftlBtttt* liSffi 
1_2lC^***A<ia«+&:HTl^jgU::fcU*T<D.*m 

liS«1_2<D7 : -('X^a)RS^lS]l-ffi;-5 1 5AfBIPB 

f&lz J; y BE©® 3 *<7>te»<&SiS*!l^a>«<bli-t <D£ffi 
1 _2 ©RS^lS»=effeB*)l=«<bS^tt*<ElSl-r -5c 
[0075] <D£&ft?gga«&&fB4g&tt<Dm8 

[0076] 
[S3] 





(dB) 


H, [«] ' 
(kOe) 


^ [g] 


D„ 
(kFCI) 


0/W 
(dB) 


gangpzai 


2 8 


2. 2 


2 20 0 


130 


30 




29 


2. 5 


2 100 


140 


3 5 



[0 0 7 7] Slc|g1<Dj«<*t3b*ffi1<DllfiHB8l<D«S 
S[8E1§&<* t a l=» 2 0>vm t & « « 2 <Z>g?SS JKIgOTffi 

iSia)«l#*Hc (koe) . &{*<Dg£i6]0>«l#:&H 

c (kOe) . ##t&£g-rD50 (kFCI) , *J«fctf 
O/W (dB) 0>»I5£*S£A<7f;**i£>. m2fl>HSfi^fil 

"iT. Sj S0 /N m A < 2 8dB^C,2 9dBlC(Sl±L. JS 
^|p]«)«l#*Hc* < 2. 2kOe)1^2. 5 O e |C|6]±. 

S^lSKDfil^AHc*^. 2kOe^&2. IkO 
e l=jft4>U D50*< 1 3 O k F C I 1 4 O k F C I 
-?-U-CO/WA<3 0dBA^3 5dBlC|Sj± 
Lf=. ^©JS;5ft<Bftl#AHc<D[S|Jti:&^fn]<Dffil#2j 
H c fl>SE'>*^, J r^^.^-V<D#ftlCj:y8B©S3 4'(0 

iRllcfijfeHlcElR] LfcC £ CWiBlRllc J: y . 
-tSEfl). Siso/N m . D50. fc<fci;o/W(DlRl±A< i tfc 

[0 0 7 8] <t*>, w<om2(D3gJ6»SS-ei*, &«1_ 

2 icjb^gkdt* -v siasrr 4 = 1 1= «fe y mtva 
»*En **9iattKEitiK{*i*. ess© 

y«Hb8Xtt*Efi] * -5 1 <OV & o T i. <t t>. 



[0 0 7 9] *3gBJ§(D»3<&SffiJ&©lCOlvciB 

•rr*. 

[0 0 8 0] 06 I*, *l£BJCDm 3 OH!£»IS(Da«fB 

[oo8i] ztonaammvnmws&mMUttti* t 

«6® 2 £EM 3 <Dlffll=tiS*-££ <k *l=*<Di5»lc[8 
}tLTCo50C r50 (a t %) <DfflJ«<D^&A>S>&&!E 

©**2©s8ifi»»a>«ftE«»»i:*<(«. cro*ra 

B6I4. ail:*J*iSCrMo^#i:0i:x/<y^'J 
>yftftT?fiSK*ttr^*. C<DS5 3 0>St;G6B*t&«>8«& 
Ett MM* £ ft 2 0£jMBKffia>tt9lE1t ttl* ifl)TEM? 

K*«y. &Bi«tt©«ttfl>33«tta>eatt 

EtS«tt<0«8(Dl§att^CDf&&CD«l£<I£l*. 12(0 

«*J:iJ'Ji£<3. OnmgStfcofc. 
[00 8 2] C©1g3<D§S!6»ffi<D«»E1I«<*a>im» 

i*-cKsr*-«. tt««)fctoic«2<osijfi^ss«>iiaEig 
itttancasoitaicoivc 

[0083] 
[S4] 





S.../N. 
(dB) 


He [«] 

(kOe) 


IVo 
(kFCI) 


0/f | 
(dB) 


»2^a* 


2 9 


2. 5 


13 0 


3 5 


ft 3 0*4 


3 0 


2. 5 


1 4 0 


3 5 



[0 0 8 4] $l=m 2 2 CDSg£&ff£fiSa)i& 



[6j(D«}#*Hc (kOe) , »»t6^S-rD50 (kFC 

i) . fc<fci;o/w (dB) (D»ise*A<***i4. m 

3 0fg&^»<Offi&fBtg&{*l** m2(DHSS^S§OJ«Sl 



(9) 



*#BB 2000-276729 



nmm»tit-<X, Si S o/Nm*«29dB*t)30dB 
IC|pJ±Lfc. ffi&fctt. S^(Sia)«l#7JHcl*2. 5 
kOe. D50l±1 40kFCI, f LTO/Wi<3 5 d 

Btmcuk&TFLtzo w©si S o/N m orsi±i*. $30 

[OO 8 5] C«>gr3CDl&8£fl£88ro«SlK1t8t<* 
I*. 4>MHI=Co50C r50OfflJ««>^$»»i:Lrffl 
l*fc*<. **BJ3fl>»Slffi1gJ£tt:|;i:. Co, C 

r. Mo. Ta. V, t$£lf\N0) ? *,© 1 HSKUlOSc 

**» f> S L < i*I&<b«s& a iM*g<b& t>r 

5t,<BT?fc-5-i:j!><#£Ll\, f LT. *IWBi::l*. C 
(D&SOnmteWtVm^tz&Sti. Tiftfl2<DCr$£ 
fcW&tffiiiS 3 <Dt&&mft<D C o £^fc*m t(04>ra 

(dB) 

MSOgg I 3 0 
fl!4<P«Hfr I 30 ~ 

[009 1] &rc$3®»{t£&4£3a£l&ft?ffi0!>tt 
affi«J«i*i:ai=SS4©J«ffi:ft*»4a)S6J|»ffi(0« 

asEfflaE<*-t*t-e*iic*fr4. sj S0 /Nnt. isfccoja^ 

(Sia)«}#7JHc (kOe) . »ft¥ei^S-TD50 (kFC 

i) . fc<fc^o/w (dB) <Dm&&mtfmztiz>o ws 

ftmm&tit^X. Ja:£lR]<B«lS;*jHcA<2. 5kOe 
fri^. 7 0elC[Sj±U. D5oA< 1 4 0 k F C I rt^ 1 
4 5 k F C I lc(p]_h L. f LTO/WA<3 5dBi^3 
7dBlc(fil±Lfc. ±.ffiS5«t<*l*i:tJ=3 0 d B 

it^5JSt>Siso/N m $*Lfc. C©S*ISJ«)«I#7JH 
c (0G]±A^. i/-KH7<D#aic<*:y8H®H3ttiro«l 

iaoasafi^attibs^ttttiEisitfipU Ltd t 

•5. wwt?*tl&<0WbS^ttl±IE®S3fl)Srt^lRUC 

gftMi::iBrsiL.-c^-&. co&Eflicty. _tSE«>. D50 

*}J:i;o/W©|S]_tj!><t fc £> $*ifc 0 
[0 0 9 2] fcfc. COm4CDHJ6^g|(DKSlfiE18<Stt: 
I*. i>-KBIcc r $*m±: LTffll^fctf. 
$m&1&mt. i/-Kiffl»»i:LT. Cr, Mo, T 

LIS 

[0093] fc*>\ crom4<oni£^sia)»siieeJS<* 
li. m3<OH£&^flg(OttSl8E1S^^^I=4>rBlBlcc 
050C r50fl>«BBE<7)^S»»i:L-CfflU>fcA<. *36B^ 
(DfcSgBlSSH*!*. *HBfC Co. Cr. Mo. T 



[0 0 8 6] **BJ(DS4fl)SIJSJKS§l=OL>T 
[0 0 8 7] 0 7li, *&BJ(Dlg4ro^!Sffi5l®<Dl8&8E 

[0088] casucDSgfi&^&ottftfet^&ttfi. a 
« 1 _2 tTifiB 2 ©raicear* 1 1 $ ic*<dmbi= 

BMSL-TC rfrf>fc£IM»tiT'BeDJf: SA<5 n'mfl>v- 
KB 7 £*Tf -5jSI=fcl*T CO^SS 3 fl)5l!6JB8S«)«ftK 

tti£{t£j&ftS. ^<©*>-KB7l*. Sllc^$tL5C 
rMo^ti^C^/<«V»'J>^ftt?jaK**vr^ 

[oo8 9] z<Dm4 0)mmBmo>m%.Kmt&te<j)&m 
h-cbmm-*. tb»©fc«)i=m3©ii«5}B!iro{saffi<t 

[0 0 9 0] 
[«5] 



H, [«] D„ 0/W 

(kOe) (kPCI) (dB) 

2.5 1 4 0 3 5 

2. 7 1 4 5 3 7 



&tL< l;tK<b1$!i&.5lM*g<b1$j£ffil*Ti JU>o -£© 
R. *WSI*Ti6B©«»ite<»:i;v-KB©«»i:l*P 
^•5«»*Mt>'E£'5t<0t?fc5C Lt\, fit. 
*IHIBICI*. C©m4(DllJS»SS-effl^fcJ:3'*. T*fi 
B20>C r £#fc#»iKiiB3(D$§a*ii*a>Co£# 
t«fltCD*lli!«fttt8T?*SC o fej:t;c r 
&£ffll^i>C £:;!><£ t>lc»* LtV 

[0 0 9 4] £fc. C©164<D||fl5}|58S0>i8SaiElt8S{* 
1*5/— KB 7 tttic^rase^-r^tOTJfcofc 
A<. *SPJJ©&&K«&ttl*i'-KB££*4'rHIS£# 
* t Mtfifc-e fc o T t «fc t^o 

[0 0 9 5] 

[BIB(OffiJ)l«Itti»] 

[B1] lOGbl t/inoh 2 ro 8H^ffifi*W-r -5 

lz*t-?& S/N ra * m-tV? 7X'&Z>„ 
imzl lOGbit/inc h2<D|B®ffig^^-r* 

[0 3 ] *%bjk*)$ 1 aggffij&ggftffiftiBig&ttaBra 



(10) 
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[04] te*<D??-=L?i&to<Dmmmm&7*'twv& 
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lean 




3_ 


1 . 
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[07] *^(DSS4<7>^ai^as(DiisiiBitj«i*<D«ja 
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7 









[01] [02] 
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»^JMiaJI|l«rfi*JlE±^Ba«4Ta 1 * CA06 DA03 FA09 
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